Objective. In the current study, the role of abnormal methylation of Wnt5a gene promoter regions in human epithelial ovarian cancer was investigated. Methods. Wnt5a expressions were examined by immunohistochemistry in epithelial ovarian tissues (30 normal and 79 human EOC tissues). SKOV3 cells were treated with different concentrations of 5-Aza-CdR (0.5, 5, and 50 μmol/L). The methylation status of the Wnt5a promoter was analyzed using a methylation-specific polymerase chain reaction (MSP), and the expression level of Wnt5a mRNA was detected using quantitative real-time polymerase chain reaction (qRT-PCR). Cell proliferation was measured by MTT assay, and apoptosis was analyzed using flow cytometry. Results. (1) Compared with normal tissues, Wnt5a expressions were reduced or lost in EOC (P < 0 05). Wnt5a expression had a close relationship with histological grade, FIGO stage, and lymph node metastasis (P = 0 005, P = 0 022, and P = 0 037, resp.). (2) Wnt5a abnormal methylation status existed in ovarian cancer tissues and was higher than that of normal ovarian tissue (P < 0 01). 
Introduction
The characteristics of ovarian cancer include a difficult early diagnosis, rapid development, and high mortality. More than 70% of ovarian cancer patients are diagnosed at an advanced stage, and the five-year survival rate is only 20%. As a result, ovarian cancer is the most lethal malignant tumor of all female reproductive system tumors; epithelial ovarian cancer (EOC) is the most common type and accounts for approximately 60%-90% of all ovarian cancers [1] . As a result of in-depth studies in recent years, abnormalities of epigenetic modifications have been found to be one of the important reasons for tumor formation, are involved in the occurrence and development process of tumors, and are closely related to some pathologic types and prognosis. Epigenetic modification includes DNA methylation, microRNA regulation abnormalities, and histone acetylation. Among the modifications, DNA methylation is one of the most important methods of epigenetic regulation, which can cause changes to chromatin structure, DNA conformation, DNA stability, DNA-protein interaction, and gene expression. Abnormal promoter methylation is the molecular basis of genomic instability, and abnormal gene expression of the methylation status of tumor-related genes is an early sensitive indicator of tumor development [2, 3] .
Wnt signals are involved in adult cell proliferation, differentiation, and apoptosis. The signal transduction pathways include the classical Wnt pathway, nonclassical Wnt/JNK pathway, and Wnt/Ca 2+ pathway; abnormal signal transduction pathways lead to tumor formation [4] . The Wnt5a gene, an important member of the Wnt family, is located on chromosome 3p, 14.2 p21.1. Wnt5a was firstly discovered by Clark et al., a molecular biologist at the University of Thomas Jefferson. The Wnt5a gene is composed of 1172 adenines, 884 cytosines, 946 guanines, and 1172 thymines. The gene contains 5 exons, and its terminal exon encodes the large 3 ′ end of the untranslated region. The promoter region is located in a region that is rich in glycerol phosphate choline and comprises many cis-acting elements [5, 6] . The 631 base pair Wnt5a gene initiation region contains strong promoter activity [7] . Wnt5a is increased, decreased, or deleted in different tumors and, as a result, plays different roles in tumors [8] . DNA methylation is a reversible epigenetic modification. The DNA methyltransferase inhibitor 5-aza-2′-deoxycytidine (5-Aza-CdR) inhibits the methylase enzyme DNMT, reverses hypermethylation of the promoter region to enable reexpression of tumor-associated genes, and inhibits tumor cell growth. In conclusion, the use of demethylating agents for cancer has become prominent in recent years [9] .
The objective of this study was to understand the relationship between Wnt5a promoter methylation and epithelial ovarian cancer, observe the methylation status of the promoter region of the Wnt5a gene, explore the change in transcriptional expression and cell biological characteristics when treating with the demethylating agent 5-Aza-CdR, and finally provide a mechanistic basis to support the use of demethylating agents in the treatment of epithelial ovarian cancer.
Materials and Methods

Patients and Tissue Samples.
Ninety-nine patients in the First Affiliated Hospital of Lanzhou University, China, from January 2009 to November 2013 were recruited including 79 patients of EOC and 30 cases of normal ovarian tissues The median age was 48 years (range from 27 to 73 years old). The experimental group comprised 79 untreated patients at different clinical stages: stage I (n = 15), stage II (n = 21), stage III (n = 29), and stage IV (n = 14). All the EOC patients were confirmed by histopathology including 50 serous adenocarcinomas, 23 mucinous adenocarcinomas, 4 endometrioid carcinomas, 1 Brenner's disease, and 1 clearcell carcinoma. Their histological grades were G1 (n = 13), G2 (n = 29), and G3 (n = 37). Diagnosis was confirmed or excluded based on standard morphologic, cytochemical, and immunophenotypic criteria. Informed consent was obtained from all the participants.
Immunohistochemistry.
Immunostaining was performed with paraffin-embedded sections that were cut at 4 μm and mounted onto glass slides. Tissue sections were deparaffinized with xylene and rehydrated through graded alcohol. Then, the slides were incubated in 3% H 2 O 2 for 10 min at room temperature so as to blocking endogenous peroxidase activity. Thereafter, antigen retrieval was performed in the citric acid repair solution for 5 seconds, 1700°C, then stewed 5 minutes, and finally rinsed with PBS. Finally, the sections were incubated with primary antibody to Wnt5a (1 : 500 dilutions, ab86720; Abcam, UK) overnight at 4°C. The next day, slides were stained with DAB and then counterstained applying hematoxylin. Wnt5a staining was shown in both the cytoplasm and the cytomembrane. The evaluation criterion of Wnt5a expression consists of both the staining intensity and the percentage of positive tumor cells. The former was graded as 0 to 3 (0: negative, 1: weak, 2: medium, and 3: strong). The latter was scored based on the percentage of the positive staining area in the total tumor area as follows: 0 (<1%), 1 (≤25%), 2 (26%-50%), 3 (51%-75%), and 4 (>75%). These two scores were summed up as final staining scores (0-7). The staining score of 0-2 was defined as low expression, 3-4 was called moderate expression, and 5-7 represented high expression. Thyroid cancer tissue was assigned as a positive control. On the contrary, the negative control was incubated with phosphate-buffered saline (PBS) alone instead of primary antibody. 
Bisulphite Modification and Methylation-Specific PCR (MSP).
Bisulphite modification of genomic DNA was evaluated using the CpG genome DNA Methylation-Gold™ Kit (Zymo Research, Irvine, CA, USA). The quality and integrity of the DNA were determined by the A260/280 ratio. The primer sequences for MSP amplification were Wnt5a-MD (5′-GTATTTTTCGGAGAAAAAGTTATGC-3′) and Wnt5a-MR (5′-ACAACCGCGAATTAATATAAACG-3′) for the methylated reaction and Wnt5a-UD (5′-GGTATTTTTTG GAGAAAAAGTTATGTG-3 ′ ) and Wnt5a-UR (5 ′ -CTAC AACCACAAATTAATATAAACATC-3 ′ ) for the unmethylated reaction [10] . "Hot start" PCR was performed for 35 cycles, consisting of denaturation at 95°C for 1 min, annealing at 60°C for 1 min, and extension at 72°C for 1 min, followed by a final 7 min extension for both primer sets. The reaction products were separated by electrophoresis on 2% agarose gels. The DNA from blood marrow mononuclear cells treated with SssI methyltransferase (New England Biolabs, Ipswich, MA, USA) was used as a positive control for methylation. The results were confirmed by repeating the MSP assays following an independently performed bisulphite treatment.
Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR).
Total RNA was isolated from the SKOV3 ovarian cell line using TRIzol (Shanghai Sangon Biological Engineering Technology & Services Co., China). All RNA samples were treated with TURBO DNase enzyme (TURBO DNA free kit; Ambion Inc., Applied Biosystems) to remove any contaminating DNA. Quantitative RT-PCR was performed using Takara Real-Time PCR System (Tokyo, Japan). The first-strand cDNA sample was then amplified using previously published primer sets for Wnt5a (5′-GTGCAATGT CTTCCAAGTTCTTC-3′ (top strand) and 5′-GGCACAG TTTCTTCTGTCCTTG-3′ (bottom strand)) [10] and β-actin (5 ′ -GCATGGGTCAGAAGGATTCTT-3 ′ (top strand) and 5 ′ -TCGTCCCAGTTGGTGACGAT-3 ′ (bottom strand)).
MTT Assay.
Cells from the 5-Aza-CdR-treated or control groups were seeded in a 96-well plate at a density of 3 × 10 3 cells/well and incubated for 7 d. Wells containing culture medium but with no cells were used as blanks. Cells were incubated with 20 μL of 0.5 mg/mL MTT (Sigma) for 4 h at 37°C. After removing the medium, formazan crystals were resolubilized with 150 μL of dimethyl sulfoxide (Sigma) for 10 min at 37°C. Absorbance at 570 nm was measured with a microplate reader. All test conditions were evaluated in triplicate wells on the same plates, and each experiment was repeated three times.
2.7. Annexin V and PI Double Staining of SKOV3 Apoptosis. SKOV3 cells from the 5-Aza-CdR-treated or control groups were resuspended at 6 × 10 5 cells/mL, and 1 mL of this suspension was seeded into cell culture flasks. The culture medium was removed once cells adhered to the surface, and then 5-Aza-CdR was added to a final concentration of 0.5, 5, or 50 μmol/L in 10 mL of medium. For the control group, an equivalent volume of culture medium without drugs was added. The cells were incubated for 48 h, collected, and resuspended in 0.5 mL of PBS, and then annexin V and PI were added. Cells were incubated in the dark for 10 min at room temperature and analyzed by flow cytometry. 2 test were applied to compare the Wnt5a methylation status among cases and between various clinicopathologic variables. The difference in Wnt5a mRNA expression before and after 5-Aza-CdR treatment was analyzed by a paired sample t-test. The percentage of apoptosis was evaluated by the LSD test. All statistical tests were two-sided and were performed at the 5% level of significance using the SPSS19.0 software package; P < 0 05 was considered significant.
Results
Wnt5a Expression by Immunohistochemistry in Normal
Ovary Tissues and EOC. Staining of Wnt5a was presented mainly in the cytoplasm. As shown in Figure 1 , Wnt5a expression was significantly higher in normal ovaries (21/30) than in epithelial ovarian carcinomas (35/79) (P = 0 017; χ 2 = 5.747).
Methylation of Wnt5a in Human Epithelial
Ovarian Carcinoma Tissues. MSP was used for the analysis of the Wnt5a methylation status (Figure 2 ). 31 of 79 (39.24%) methylation were tested in EOC, while only 3 of 30 (10%) was found in normal ovarian tissues. The difference was statistically significant (P < 0 01).
The Relationship between Wnt5a Expression and
Methylation with Clinicopathological Features of EOC. From Table 1 , Wnt5a expression was related to the histological grade, FIGO stage, and lymph node metastasis (P = 0 005; P = 0 006; and P = 0 037, resp.). However, no significant difference was observed in other factors such as age and histological type. For the part of methylation, statistical analysis showed no significant correlation between promoter region hypermethylation and age, histological type, or WHO grades. On the contrary, we observed an obvious relation between promoter region hypermethylation with FIGO stages and lymphatic metastasis (P = 0 018 and P = 0 024, resp.). The methylation was discovered in 9 of 36 (25%) FIGO stage I~II and in 22 of 43 (51.16%) FIGO stage III~IV; Wnt5a was methylated in 21 of 41 (51.22%) carcinomas with lymph node metastasis, while 10 of 28 (26.32%) tumors without lymph node metastasis.
Methylation of Wnt5a in the Human Epithelial Ovarian
Cancer Cell Line SKOV3. The methylation status of Wnt5a in the human epithelial ovarian cancer cell line SKOV3 was determined by MSP analysis (Figure 3) . The band corresponding to the methylated Wnt5a gene is indicated (107 bp). The primers recognizing the unmethylated gene were able to amplify a band of weaker intensity, suggesting that Wnt5a is partially methylated in this cell line. The results of mRNA expression after 5-Aza-CdR treatment are shown in Figure 5 , which represented that Wnt5a expression was increased in SKOV3 cells following treatment with the demethylating agent (P ≤ 0 001). These data indicated that promoter methylation was closely correlated with low levels of Wnt5a expression in the SKOV3 cell line.
3.6. The Impact of 5-Aza-CdR Treatment on the Growth Rate of SKOV3 Cells. The growth rate of the cells was inhibited in a dose-dependent manner by treatment with 5-Aza-CdR. In the first 96 h, we found that SKOV3 cell growth was inhibited in different concentrations of 5-Aza-CdR. And the 50 μmol/L 5-Aza-CdR has the higher effects than other groups. But after 96 h, all drugs' group changed subtly, but it is strange that the inhibition of 50 μmol/L 5-Aza-CdR was attenuated ( Figure 6 ).
The Influence of 5-Aza-CdR on the SKOV3 Cell Apoptosis
Rate. By flow cytometry analysis, the cell apoptosis rate increased gradually after treatment with 0.5, 5, and 50 μmol/ L 5-Aza-CdR; the apoptosis rates were 4.24% ± 0.79%, 9.20% ± 0.26%, and 20.48% ± 1.89%, respectively, compared with the control group (1.89% ± 0.48%) (P < 0 01). The apoptosis rate and 5-Aza-CdR concentration show a dosedependent relationship (F = 779 73, P < 0 01) (Figure 7 ).
Discussion
DNA methylation refers to the catalytic action of DNA methyltransferase (DNMT1, DNMT3A, and DNMT3B), which can covalently combine the S-adenosylmethionine (SAM) to the CpG dinucleotide 5-carbon position of cytosine to result in the formation of 5-methylcytosine using sadenosylmethionine (SAM) as a methyl donor [11] . CpG dinucleotides are the major site of DNA methylation, which is nonrandomly distributed throughout the genome. Typically, DNA sequences with a CpG content that is more than 50% and length that is greater than 200 bp are called CpG islands (CpG islands (CGIs)) [12] . In mammals, DNA methylation occurs mostly in the CpG island cytosine, playing an important role in the regulation of gene expression. A considerable part of methylation occurs outside the CpG island region (non-CpG site), but the role of this methylation is not clear [13, 14] . CpG islands are mainly located in the promoter region of the gene, typically in a nonmethylated form, but when tumors occur, in particular, hypermethylation occurs in the CpG islands of tumor suppressor genes (TSG) [15, 16] .
The Wnt5a gene is an important member of the Wnt family. Researchers have found that Wnt5a can be involved in the occurrence and development of tumors by various manners. Wnt5a can affect cell migration, invasion, and angiogenesis in tissues; however, it is also conducive to tissue repair and maintenance of the steady state of tissues [16] . Some studies demonstrated that Wnt5a functions through the Wnt/Ca 2+ pathway in some tumors. Wnt5a can not only activate but also inhibit the canonical Wnt/β-catenin pathway, depending on what type of receptor Wnt5a combines with. When Wnt5a binds to Ror2, the canonical Wnt/β-catenin pathway is being inhibited by the Wnt/Ca 2+ pathway. However, when Wnt5a binds to Frizzled and LRP, the opposite effect occurs. Thus, whether Wnt5a suppresses or leads to cancer formation depends on the cell surface receptor it binds [17] [18] [19] . In addition, expression of the Wnt5a gene may be increased, decreased, or absent in tumors. Wnt5a methylation also differs among tumors, and the mechanism of Wnt5a methylation in tumor occurrence and development differs. As a result, Wnt5a plays dual roles. In some tumors, such as melanoma, gastric cancer, osteosarcoma, prostate cancer, nonsmall cell lung cancer, nasopharyngeal carcinoma, and pancreatic cancer, Wnt5a is overexpressed and plays the role of an oncogene [20] [21] [22] [23] [24] . In other tumors, such as colorectal cancer, esophageal squamous cell carcinoma, thyroid carcinoma, breast cancer, and white blood cell disease, Wnt5a shows low expression or loss of expression and plays the role of a tumor suppressor gene [25] [26] [27] [28] .
In our study, we described that Wnt5a expression was significantly higher in normal ovaries than in ovarian carcinomas with a proportion of 70% to 44.3%. In addition, Wnt5a expression was related to the histological grade, FIGO stage, and lymph node metastasis but was not associated with age and histological type ( Figure 1, Table 1 ). Bitler et al. [29] also found that Wnt5a gene expression levels were significantly lower in EOC patients, and low levels of Wnt5a expression were significantly related to tumor staging and predicted shorter overall survival in patients when compared with normal ovarian surface epithelial cells or fallopian tube epithelial cells. Notably, increased Wnt5a expression significantly inhibited the proliferation of human EOC cells and ultimately played a role in promoting cell senescence in EOC. This is consistent with our experimental results, supporting the possible tumor suppressor gene characteristics of Wnt5a in ovarian cancer. However, some scholars have found that when compared to a benign epithelial neoplasia group and normal ovary group, the proportion of Wnt5a-positive women was significantly higher for the epithelial ovarian cancer group [30] . This result may not be consistent with the results of our study, but the results of our experiments have been demonstrated by both in vivo and in vitro experiments, and related research also found similar results. In addition, Bitler et al. [29] found that increased Wnt5a expression significantly inhibited the proliferation of human EOC cells. As a result, the differences in the conclusions of this study should be further studied and discussed to explain the reasons for these differences.
DNA methylation is widespread in epithelial ovarian tumors. Ho et al. [31] found that the methylation profiles of tumor suppressor genes (TSGs) were significantly higher in the ovarian cancer stromal progenitor cells (OCSPCs) than in ovarian cancer cells. OCSPCs and decreased TSG expression in the ovarian tumor microenvironment were able to promote tumorigenesis, which could be reversed by DNA demethylation. In the current study, the methylation status of Wnt5a in the human epithelial ovarian cancer was determined by MSP analysis (Figures 2 and 3 ). Our data show that Wnt5a promoter region abnormal methylation did exist in EOC and was closely associated with clinical progression of EOC (Table 1 ). In addition, a study found that CpG island methylation in ovarian cancer is related to the silencing of many genes, including BRCA1, RASSF1A, LOT1 and Hmlh1; the silencing of these genes may be involved in the development of ovarian cancer [16] . The inactivation of tumor suppressor genes is related to hypermethylation, whereas genome-wide hypomethylation and local (CpG island) hypermethylation in tumors may be caused by disruptions of DNMT activity [32] .
Our study further revealed complete demethylation of the Wnt5a promoter in the SKOV3 cell line following 5-Aza-CdR treatment (0.5, 5, and 50 μmol/L) (Figure 4 ). The expression of Wnt5a mRNA was increased ( Figure 5 ), particularly at 5 μmol/L 5-Aza-CdR. These data indicated that the hypermethylation status of the promoter region of the Wnt5a gene in SKOV3 cells was reversed and that the Wnt5a mRNA was reexpressed. DNA methylation is a reversible epigenetic modification process that can be reversed by demethylation. 5-Aza-2-deoxycytidine (5-Aza-CdR) is now widely recognized as a demethylation agent. 5-Aza-CdR inhibits the methylase enzyme DNMT and stops cell DNA replication. Then, the methyl can not be transferred to the cytosine, thereby reducing the DNA methyl-accepting ability to reduce the degree of methylation in the progeny of the cells; thus, the tumor suppressor gene, whose promoter region is hypermethylated, finally reverses the biological activity of tumor cells [10] . 5-Aza-2′-deoxycytidine treatment not only reactivates genes but also decreases the overexpression of genes [33] . The difference in the two concentrations of 5-Aza-2-deoxycytidine (5-Aza-CdR) influences genome-wide methylation and induces changes in different sugar chains [34] . 5-Aza-CdR methylation inhibitors have been widely used in experimental studies of different tumors, such as colorectal cancer, breast cancer, thyroid cancer, and leukemia [35, 36] .
In the current study, the growth rate of the tumor cells was inhibited by treatment with 5-Aza-CdR ( Figure 6 ). A strange phenomenon in this result was that the inhibition of 50 μmol/L 5-Aza-CdR was attenuated. Two reasons may explain this strange phenomenon; one is the widespread hypomethylation of the Wnt5a genome in all drugs' group. The other is that the drug of 5-Aza-CdR may have reached halflife and the effect starts to wane, which was supported by some researches [37] . The study suggested that 5-Aza-CdR can inhibit the proliferation of SKOV3 cells, and the inhibition was gradually increased with increasing drug concentration. This inhibition has been applied in many tumors. In breast cancer, DAC (5-aza-2 ′ -deoxycytidine) treatment caused significant breast cancer stem cell (BCSC) differentiation. DAC reduced breast cancer cell survival and induced differentiation through reexpression of tumor suppressor genes [36] .
In addition, our research showed that the cell apoptosis rate increased gradually after treatment with 0.5, 5, and 50 μmol/L 5-Aza-CdR. The rate apoptosis and 5-Aza-CdR concentration share a dose-dependent relationship (Figure 7) . 5-Aza-CdR efficiently induced cell cycle arrest at G0/G1 and apoptotic death in HXO-RB44 cells. An MSP analysis showed that unmethylated RASSF1A DNA increased and methylated RASSF1A decreased in a dose-dependent manner in a range of 0.5-5.0 μmol/L 5-Aza-CdR. 5-Aza-CdR inhibits the growth of the HXO-RB44 RB cell line and induces apoptosis by demethylating the RASSF1A gene [38] . Several previous studies reported that 5-Aza-CdR exhibited cytotoxicity but the cells demonstrated cytotoxicity and that the effect was not hereditary [39] . In this experiment, we replaced 5-Aza-CdR with fresh medium for 7 days to avoid the toxic effects of 5-Aza-CdR. Therefore, the growth inhibition and apoptosis of cells in this experiment were a true reflection of 5-Aza-CdR demethylation.
In summary, Wnt5a gene region promoter aberrant methylation existed in epithelial ovarian cancer tissue, which is one of the important mechanisms of Wnt5a gene inactivation. 5-Aza-CdR treatment reversed the methylation status of the promoter and restored Wnt5a gene expression, which behaved as a tumor suppressor. Significantly, 5-Aza-CdR inhibited proliferation and induced apoptosis of SKOV3 cells due to the reversal of promoter hypermethylation of genes, including Wnt5a. Based on our results, Wnt5a demethylation may be a new target for the treatment of epithelial ovarian cancer. 
